The first switching of polarization direction is possible by installing two identical helical undulators in series in a same straight section in a storage ring. By setting each undulator in a circular polarization mode in opposite handedness, one can obtain linearly polarized radiation with any required polarization direction depending on the modulator setting between two undulators. This scheme can be used without any major degradation of polarization degree in any low energy low emittance storage ring.
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Here E. (E,) is the complex orthogonal unit vector of left (right) handed circular polarization [3] . The combination For example, the polarization direction is horizontal (vertical) when @ equals to zero (n).
As described in ref. 2 , the phase @ can be changed by changing the path length of the electron between the two undulators. An electromagnetic modulator can be used for the rapid change of phase [4] . Figure 1 is a schematic drawing of the proposed system. The system consists of two identical EPUs, one of which is set in a opposite magnet raw phase from the other. For simplicity, the magnetic field of each undulator is assumed to be perfectly helical and the field of a single period (&) modulator is assumed to be sinusoidal.
ANALYSIS
Let's assume that the first undulator EPUl is set in a right hand circular polarization mode, and the second undulator EPU2 is set in the oposite. The wavelength of fundamental radiation peak in the forward direction is where ; 1. is the magnetic period length, FElmc2, and Here, Bo is the magnetic field, e and m are electron charge and mass, respectively.
EPU 1 Modulator EPU2 Figure: 1 Schematic drawing of the crossed EPU.
In this system the phase @ in Eq. 1 is:
Here, AL. is the path difference between an electron and a photon in the undulator, dL, is that in the modulator, and D is the distance between two undulators, respectively. Since the fields are helical in undulator and sinusoidal in modulator, one can obtain the phase #using the relation in Eq. 2 as follows: 7r
Here, where B, is the peak magnetic field of modulator. In order to change the phase, one has to change the distance D mechanically or change K i by changing the magnetic field of modulator.
DEGREE OF POLARIZATION
In an actual storage ring, electron beam has a finite emittance so that some electrons in the beam travel with angular divergence and energy deviation. If the angular distribution of electrons is Gaussion, the mean square phase deviation is written as: 
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By using Eq. 7, the degree of resulting polarization is [2] :
As one can see from Eq. (9), the degree of polarization decreases when Q), is large due to the large energy spread of electron or large band width of monochromator.
However, the degradation is much serious due to the third term in Fq. (9) . Therefore, this scheme cannot be used for high energy or high emittance storage ring.
EXAMPLES
The Advanced Light Source (ALS) is a low emittance, low energy storage ring. It is operated at an electron energy 1.5 GeV, and the natural emittance is 4 nm-rad. The beam divergence in a straight section for insertion device is 1.9x10-' rad. The energy spread of electron beam is smaller than 1 x lo".
An EPU which will be installed in ALS has the period length of 5 cm, and the number of period N is 37.
The achievable maximum K value is 2.5. If we construct the proposed system with two identical EPUs in a same straight section of ALS, in Eq. (8) is 40 by assuming & = A, and D = 2Au. In our case, the second term in Eq. (9) is negligibley small. Therefore, the polarization is witten as:
In table 1, parameters of example system and the resulting polarization are listed. The degree of polarization is 98.8% at assumed
DISCUSSIONS AND CONCLUSIONS
A proposed crossed EPU system can be used in photon energy ranges below 200 eV with reasonably high polarization degree. Although this system can be used above 200 eV by selecting a K value smaller than 1, the degree of polarization decreased rapidly when K approaches to zero.
For the purpose of higher polarization degree in lower photon energy range, a longer magnetic period length and smaller number of period are recommended. It can be achieved with the cost of reduction of peak brightness.
An advantage of the proposed device is that one can obtain a purely monochromatic radiation with no higher harmonics on axis. The reason is that the radiation from each undulator is a circularly polarized radiation with no higher harmonics.
A fast switching of polarization direction can be achieved by using an electromagnetic modulator. Alternating switching between horizontal and vertical polarization may be useful for investigating the property of surface or interface of material. One can also used a circularly polarized radiation by setting both EPUs in the same helicity mechanically.
Utilization of two EPUs with a modulator as a crossed EPU is proposed for generating a linearly polarized radiation with the fast switching capability and no higher harmonic contamination in the spectrum. This scheme is usefull in any third generation low energy (e2 GeV) storage ring.
